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CONVERSION FACTORS, VERTICAL DATUM, AND ACRONYMS

Multiply By To obtain
meter 3.281 foot
square meter 10.76 square foot
kilometer 0.6214 mile
square kilometer 0.3861 square mile
hectare 2.471 acre

Sea Level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called Sea-Level

Datum of 1929), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.

AML
CDMG
DEM
DLG
ELAS
ESRI
GIS
LWQCB
NASA
NDEP
PLSS
RMS
SCS
SVF
TEGIS
TRPA
USFS
USGS
UTM

Arc Macro Language

California Division of Mining and Geology
Digitial Elevation Model

Digital Line Graph

Science and Technology Laboratory Applications Software, developed by National Aeronautics and Space Administration

Environmental Systems Research Institute
Geographic information system

Lahontan Water Quality Control Board
National Aeronautics and Space Administration
Nevada Division of Environmental Protection

Public Land Survey System, often referred to as township, range, and section boundaries

Root mean square, a statistical estimate of error

U.S. Soil Conservation Service

Single-variable file

Tahoe Environmental Geographic Information System

Tahoe Regional Planning Agency

U.S. Forest Service

U.S. Geological Survey

Universal Transverse Mercator map-projection and coordinate system
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Development and Documentation of Spatial Data Bases
for the Lake Tahoe Basin, California and Nevada

By Kenn D. Cartier, Lorri A. Peltz, and J. LaRue Smith

Abstract

A set of spatial data bases consisting of nat-
ural-resources and planimetric-base layers has
been developed and documented for the Lake
Tahoe basin, California and Nevada. The data
bases, in the form of geographic information sys-
tem coverages, include surface geology, soils, tim-
ber type, riparian vegetation, land capability,
stream channels, water bodies, roads, political
boundaries, the Lake Tahoe basin boundary, slope,
aspect, drainage-basin boundaries, and hydro-
logic-monitoring sites. The data bases were devel-
oped from existing thematic maps, digital data,
and hydrographic records. Data were compiled
from maps and records of Federal, State, and local
agencies. The scale of source materials ranged
from 1:24,000 to 1:125,000 and their release dates,
from 1964 to 1989. Documentation and summary
information are included for each spatial data base.

INTRODUCTION

The Lake Tahoe basin encompasses an area of
1,310 square kilometers of alpine and subalpine land
within the Sierra Nevada of California and Nevada (fig.
1). The area is renowned for the natural beauty of its
mountain ranges and lakes, particularly Lake Tahoe.
As a result of public interest and concern for preserva-
tion of the natural resources of the basin, various Fed-
eral, State, and local agencies collect environmental
data regarding the water and land resources of the
basin. In the mid-1980's, many of these agencies rec-
ognized the need to develop a data-base management

system for resources planning and for analysis of the
land-use and environmental information collected in
the basin.

In recent years, people have been increasingly
concerned about the effects of development on the
water clarity and quality of Lake Tahoe. Resources
assessment, basic research, and land and resources
management in the Lake Tahoe basin have been ham-
pered by the lack of a consistent and common data base
for the basin. In the past, the environmental data for the
basin were stored in a large variety of formats by indi-
vidual agencies in numerous locations with differing
reporting conventions and standards. None of these
agencies could efficiently compile, analyze, describe,
and display geographically referenced environmental
data.

In 1988 the U.S. Geological Survey (USGS) and
the Tahoe Regional Planning Agency (TRPA) began a
cooperative project to develop a geographic informa-
tion system (GIS) to meet.the data-base needs for the
Lake Tahoe basin. TRPA is a joint California~Nevada
agency that manages and analyzes much of the land-
use and environmental data collected in the basin. The
U.S. Forest Service (USES) and the U.S. Soil Conser-
vation Service (SCS) also informally participated in the
cooperative efforts. The resulting product is referred to
as the Tahoe Environmental Geographic Information
System (TEGIS).

The goals of the TEGIS project were (1) to
develop a set of spatial data bases of natural-resources
information for the Lake Tahoe basin and (2) to
develop efficient techniques for creating spatial data
bases. (In this report, the term "data base" refers to a
set of information stored in digital form on a computer.
A data base consists of a single layer, or type of infor-
mation, such as vegetation or soils. When stored in a

INTRODUCTION 1
























Table 2. <(lassification categories used by U.S. Forest Service on timber-type maps

[Information from Joseph Oden, U.S. Forest Service (written commun., 1992). Alphanu-
meric symbols used for timber-classification categories consist of as many as five com-
ponents: First two letters designate primary species or nonvegetated area; next two
letters denote secondary species; next number indicates crown size; next letter indi-
cates crown density; and final two letters (preceded by "/") denote type of understory
vegetation. For example, symbol PPWF3S/SM indicates primary species is ponderosa or
Jeffrey pine, secondary species is white fir, crown diameter (primary species) is 13 to
24 feet, crown density (primary species) is 10 to 19 percent of area, and understory
type is montane shrub]

Classification basis Class Class definition
symbol

Woody-vegetation areas

Lodgepole pine.

Mountain hemlock.
Ponderosa or Jeffrey pine.
Red fir.

Sugar pine.

White fir.

Western white pine.

Primary and secondary
commercial conifers.

5 BFISATES

Primary and secondary Whitebark pine.

noncommercial conifers.

Aspen. .
Miscellaneous hardwoods.

Primary and secondary
noncommercial hardwoods.

eefiiens
x>

0- to 5-feet diameter.

6- to 12-feet diameter.

13- to 24-feet diameter.

25~ to 4Q0-feet diameter.

Greater than 40-feet diameter.

Two storied (overstory two size classes
larger than understory}.

Crown size of primary
conifers or hardwoods.

AW WN

10~ to l9-percent crown cover.

20- to 3%-percent crown cover.

40- to 69-percent crown cover.

Greater than or equal to 70-percent crown
cover.

Crown density of primary
conifers or hardwoods.

OZ9Wn

Understory vegetation........ /NC Noncommercial conifers.
/NG Herbs and grasses.
/SA Chaparral (manzanita and associated shrubs).
/SB Sagebrush.
/SC Bush (chinquapin).
/SM Montane (buckbrush, chokecherry, whitethorn).
/SR Streamside (wet-meadow or bog shrubs).
/8X Miscellaneous shrubs (bitterbrush, mountain
mahogany) .

Nonwoody- and shrub-vegetation areas

Dominant vegetative cover.... GH Herbaceous cover.
GL Grasses.
NG Herbs and grasses.
SAa Chaparral {(manzanita and associated shrubs.
SB Sagebrush.
sC Shrub (chinquapin}.
SM Montane (buckbrush, chokecherry, whitethorn).
SR Riparian vegetation (wet-meadow or bog shrubs).
SX Miscellaneous shrubs (bitterbrush, mountain
mahogany) .

Nonvegetated areas

Dominant characteristic or NB Barren, rocky.
feature. ND Urban development (settlements, gquarries,
roads) .
NW Water body (lakes, permanent snowfields).

Sources of Thematic Data
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Table 3.

[Modified from Joseph Oden (U.S. Forest Service,

Classification categories used by U.S. Forest Service on riparian-vegetation maps

written commun., 1990)}]

Class—
unit Class name Class description
symbcl

1l Coniferous riparianm......cccue.. Fir, hemlock, pine; usually cccupies narrow zones
bordering perennial or intermittent streams.

2 Deciduous riparian...... crec e Aspen, alder, cottonwood, willow; commonly occurs
in linear distributions along streams but alsc
occuplies some broad open areas.

3 Deciducus/coniferous riparian.... Mix of classes 1 and 2 (deciduous trees in under-
story, conifers in overstory).

4 Wet meadoWw. ... ivveiviinnrannncnnns Sedges, rushes, aquatic plants, wet-site grasses;
usually occurs in broad extensive areas but alsco
occupies some smaller sites along streams or near
lakes.

S Mecist meadoWw........... Ceecenenen Forbs, grasses, some sedges or rushes.

X Nonriparian..... teteaonnns ves.ss. Nonriparian plant communities enclosed by areas of
riparian vegetation.

W Water.. v eieeinoonersaansnosarsona Bodies of water surrounded by areas of riparian

vegetation.

0.4 hectare in size (Joseph Oden, U.S. Forest Service,
oral commun., 1991). The riparian-vegetation maps
are composed of black thematic linework, labels, and
numerous leaders or connecting lines. Mylar copies of
these maps were obtained from the USFS.

Land-Capability Maps

As part of a regional planning framework for the
Lake Tahoe basin, the TRPA uses a land-classification
system based on land capability, "the level of use an
area can tolerate without sustaining permanent damage
through erosion and other causes” (Bailey, 1974).
Using SCS soil-survey maps, Bailey evaluated the
major factors affecting land capability and grouped soil
units into seven classes of land capability (table 4).
Class 1, consisting of the land least tolerant of use,
contains three subclasses, making a total of nine dis-
tinct types of land in the basin.

Sources of Digital Data

Two sets of USGS digital data bases, derived
from 1:24,000-scale maps, were available for the Lake
Tahoe basin: Digital Line Graph (DLG) and Digital

Elevation Model (DEM). The relevant map quadran-
gles are listed in table 5.

Digital Line Graph Files

The DLG data files are grouped into planimetric-
base categories: boundaries, hydrography, Public Land
Survey System (PLSS), and transportation (U.S. Geo-
logical Survey, 1986). These four data categories,
which do not necessarily correspond to the separate
plates used to print the published USGS topographic
maps, are described briefly as follows:

Boundaries.—Political boundaries of States, coun-
ties, and cities or other municipalities, and administra-
tive boundaries of areas such as national and State
forests.

Hydrography—Hydrographic features of flowing
water, intermittent water, standing water, and wetlands.

PLSS.—Rectangular system of land surveys that is
administered by the U.S. Bureau of Land Management
for the Western United States.

Transportation.—Major transportation systems in
three classes: (1) roads and tratls, (2) railroads, and
(3) pipelines, transmission lines, and miscellaneous
transportation features.

10 Development and Documentation of Spatial Data Bases for the Lake Tahoe Basin, California and Nevada



Table 4.

Categories used in land-capability classification

[Modified from table 4 of Bailey (1974, p. 20). do., ditto; --, not applicable or not determined)

Land Classification basis
capability
Relative Slope Relative Relative Disturbance
Class Subclass tolerance (percent) ercsion runoff potential hazard Other
for use potential

1 la Least 30+ High Moderately high High -

to high.
1b -— -—- -- - do. Poor natural
drajinage.
lc - -- - -- do. Fragile flora
and fauna.

2 - - 30-50 High Low to moderately do. -
low.

3 - -— $-30 Moderate Moderately high Moderate -~
to high.

4 -- -- 9-30 do. Low to moderately do. -~
low.

5 - - 0-16 Slight Moderately high Low -
to high.

6 - -- 0-16 do. Low to moderately do. -

‘ low.
7 -- Most 0-5 do. do. do. -

Digital Elevation Model Files

A 1:24,000-scale DEM data file contains a regu-
lar array of elevations and covers one map quadrangle.
The stored elevation values are in meters above sea
level. The array is based on a 30-meter spacing in the
local Universal Transverse Mercator (UTM) coordi-
nate system (U.S. Geological Survey, 1987).

Sources of Hydrographic Data

Hydrographic data for mapping drainage-basin
boundaries, hydrologic-monitoring sites, water bodies,
and stream channels came from several sources. The
drainage-basin boundaries were identified on topo-
graphic maps of the basin. Monitoring-site locations
were obtained from records of several government
agencies. Coordinates of water bodies and stream
channels were derived from USGS DLG files, as
described in the section "Digital Line Graph Files."

Drainage-Basin Boundaries

Jorgensen and others (1978) delineated drainage-
basin boundaries on the basis of 1:62,500-scale maps

for an earlier study. They delineated drainage basins
for major tributaries to Lake Tahoe and above selected
surface-water monitoring sites.

For this study, drainage-basin boundaries were
delineated on USGS 1:24,000-scale topographic maps.
Drainage basins were delineated for major tributaries
to Lake Tahoe, above all stream confluences shown on
the maps, and above selected surface-water monitoring
sites. The 1978 map was not digitized for this study,
although the drainage-basin coding system used by
Jorgensen was retained.

Hydrologic-Monitoring Sites

- Tabulated information about hydrologic-moni-
toring sites was obtained from Federal, State, and local
agencies working in the Lake Tahoe basin. These
agencies include the USGS, USFS, SCS, NDEP, and
LWQCB. Data were compiled for surface-water and
ground-water monitoring stations and for snow-meas-
urement courses.

The USGS has collected surface-water data in
the Lake Tahoe basin since 1895 (Eisenhuth, 1968).
Some of the surface-water monitoring sites have more
than 90 years of streamflow record; most of the sites

Sources of Hydrographic Data 11



Table 5. Map guadrangles used as source maps
for Digital lLine Graph and Digital Elevation
Model computer files

[All maps: 1:24,000 scale; polyconic projec-

tion. ==, no revision]
Publication dates
Map quadrangle
Original Revised
edition
Caples Lake, Calif.......0v... 1969 1979
Carson Pass, Calif........c... 1876 1879
Echo Lake, Calif.,........ e 1955 1969
Emerald Bay, Calif............ 1955 1969
Freel Peak, Calif...veeveenves 1855 1969
1980
Glenbrook, Nev.....ieoveeeeees 1955 1982
Homewood, Calif.... e 1969 -~
Kings Beach, Calif. and Nev... 1969 -
Marlette Lake, Nev......v.veu 1955 1982
Martis Peak, Calif. and Nev... 1955 1969
1973
Meeks Bay, Calif. and Nev..... 1969 -
Mount Rose, NeV.....iveeenveus 1968 1982
Pyramid Peak, Calif........... 1969 -
Rockbound Valley, Calif,,..... 1969 -
South Lake Tahoe, Calif. and 1982 -
Nev.
Tahoe City, Calif............. 1969 -

have less than 5 years of record. The USGS has col-
lected ground-water data in the basin since the 1960's
and predominantly since 1986. Water-quality data
have been collected at both surface- and ground-water
monitoring sites. Many of the USGS sites are also used
by the USFS, NDEP, or LWQCB. The USFS (written
commun., 1991) collects data on water quality, stream-
flow, and ground-water and lake-surface levels. The
NDEP (written commun., 1991) operates 10 surface-
water monitoring sites in the vicinity of Incline Village,
Nev., and collects data on water quality, streamflow,
and lake-surface levels. The LWQCB (written com-
mun., 1991) maintains ground-water monitoring sites
in the vicinity of South Lake Tahoe, Calif., and collects
data on water quality and ground-water levels. Also,
the SCS (written commun., 1991) has maintained

snow-course monitoring sites in the Lake Tahoe basin
since 1913. As of 1991, the SCS snow-telemetry net-
work included eight sites in the basin.

DEVELOPMENT OF SPATIAL DATA
BASES

Digital spatial data bases were created as GIS
coverages for 22 thematic layers. The data were
derived from thematic maps, digital maps, and hydro-
graphic data. The coverages developed for the TEGIS
project are listed in table 6.

Development of Thematic Maps

Eight coverages were created from thematic
maps. The source maps were digitized both auto-
matically by using an electronic scanner and man-
ually on a digitizing table. The coverages are
named GEOL_COMP (composite geology),
GEOL_COMP_LIN (linear features of composite
geology), GEOL_TRPA (geology from TRPA’s natu-
ral-hazards map), GEOL_TRPA_LIN (linear features
of geology from TRPA's natural-hazards map),

- LAND_CAP (land capability), RIPARIAN_VEG

(riparian-vegetation units), SOIL (soil-survey units),
and TIMBER_TYPE (timber-type units). The cover-

ages of composite geology were created by appending

coverages derived from the best available maps. The
resulting composite coverages contain map features
derived from source maps at different scales: three at
1:24,000; seven at 1:62,500; and six at 1:125,000.

Source maps were digitized by using the elec-
tronic scanner if the available map copy was substan-
tially free of unwanted extraneous features such as
cartographic text or topographic contour lines. Wher-
ever possible, automatic digitizing was used in prefer-
ence to manual digitizing because the product obtained
from the electronic scanner was considered to have
lower cost of production and comparable or better posi-
tional accuracy.

The manually digitized coverages were edited by
using software commands available in ARC/INFO.
The automatically digitized coverages were edited by
using both ARC/INFO commands and software rou-
tines developed for this study.
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Examples of coverage line features (scanned and
edited) for timber-type and soil units are shown in fig-
ure 5, which depicts part of the South Lake Tahoe,
Calif. and Nev., map quadrangle. The coverages were
processed from the maps represented in figure 3.

Registering Maps

The x—y coordinates of all digitized features
were transformed from digitizer units to map units.
The digitizing equipment used in this study records ini-
tial coordinates in digitizer inches, which must be con-
verted by linear transformation to the coordinate
system of the projection of the source map. This trans-
formation requires at least four control points with x—y
values that are known in both coordinate systems—
digitizer inches and map units. For this study the reg-
istration marks at the four corners of each map, corre-
sponding to the 7.5-minute grid of latitude and
longitude, were used as control points.

During manual digitizing, maps were registered
before digitizing their features. If necessary and when
possible, the maps were reregistered until the root-
mean-square (RMS) error of the transformation was
equal to or less than 0.003 digitizer inches (approxi-
mately 0.08 millimeters). Maps that were scanned
electronically could not be registered prior to digitiz-
ing. Features from these maps were transformed after
initial editing.

All digitized features were transformed from
digitizer inches directly into UTM coordinates. In the-
ory, to minimize distortion, features should be trans-
formed into the coordinate system of the source map
(commonly polyconic) and then projected into UTM
coordinates. In practice, for maps covering relatively
small areas, the maximum distortion that results from
transforming directly to UTM coordinates does not
exceed 0.05 millimeters (Snyder, 1987, p. 127). For
this study, this maximum potential error was within
acceptable limits.

After map data are converted to coverages in a
common coordinate system, they may be combined.
Coverages from adjacent maps may be appended, or
mosaicked, into a larger coverage. For this study, all
final coverages are stored in units of meters referenc=d
to the UTM, zone 11, coordinate system.

Digitizing Spatial Features

The maps used for the geologic, timber-type, and
riparian-vegetation thematic layers required no prepa-
ration prior to digitizing. The maps used for the soils
thematic layer were available only on folded paper.
Prior to digitizing, the maps were heated and smoothed
using a household clothing iron. This process removed
most of the paper creases and introduced minimal
paper distortion.

The TRPA natural-hazards map and three of the
soils maps were unsuitable for automatic scanning.
These maps were digitized manually by following
techniques described by the Environmental Systems
Research Institute (1989), the developer of the
ARC/INFO software.

The remaining map sheets for the geologic, soils,
timber-type, and riparian-vegetation layers were
scanned electronically at a resolution of 300 dots per
inch. The scanner generated raster-format files, which
were converted automatically to a vector format. The
vector files contained point-to-point coordinates in dig-
itizer inches. Techniques for operation of the scanner
and conversion software are described in a manual by
Soller and others (1990).

For each thematic layer, several test areas on a
representative map were selected and scanned. Scan-
ner settings were adjusted to minimize the number of
undesired spatial features, such as unwanted carto-
graphic features and shading patterns, and to maximize
the continuity of linework and positional fidelity of the
scanned product to the source map.

Most of the maps were scanned twice, without
changing the registration, prior to removal from the
scanner. For one of the scans, settings were adjusted to
produce the best set of single arcs. For the other scan,
settings were adjusted to produce a set of two parallel
arcs, corresponding to the outer edge of each line on the
source map. The resulting "hollow-line" coverage con-
tains information about the source linework that can aid
in adjusting the vectorized coordinates of its single-line
counterpart.

Editing Digital Spatial Data

The coverages derived from thematic maps were
edited for continuity and spatial positioning by using
ARC/INFO. Scanned coverages also were edited to
remove unwanted spatial features that were not perti-
nent to the thematic layer and scanning artifacts (such
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Table 6. Spatial data bases developed from thematic maps, digital data, and hydrographic data

{DEM, Digital Elevation Model; DLG, Digital Line Graph; Do. or do., ditto; GIS, geographic infor-
mation system; LWQCB, Lahontan Water Quality Control Board; NDEP, Nevada Division of Environmen-
tal Protection; PLSS, Public Land Survey System (township-range grid, including section lines);
SCs, U.S. S0il Conservation Service; TRPA, Tahoe Regional Planning Agency; USFS, U.S. Forest
Service; USGS, U.S. Geological Survey]

GIS coverage Description of contents of data base

Name Type Information type Derivation

Thematic source maps

GEOL COMP....... Polygon... Areal geology........ Composited from digital data bases developed
from maps by Thompson and White (1964);
Bonham and Burnett (1976); Loomis (1981);
Armin and John (1983); Armin and others
(1984); and Grose (1985, 1986): and from
TRPA natural-hazards maps (Tahoe Regional
Planning Agency, written commun., 1989).
{(See fig. 4 and table 1 for information on
coverage of individual source maps.)

GECL_COMP_LIN... Line...... Geologic linear Do.
features.

GEOL_TRPA....... Polygon... Areal geology........ Digitized from TRPA natural~hazards maps (Tahoe
Regional Planning Agency, written commun.,
1989).

GEOL_TRPA LIN... Line...... B (- Do.

LAND CAP........ Polygon... Land capability...... Derived from soil-survey GIS by aggregating SCS
soil units (Bailey, 1974; Rogers, 1974),
(See table 7.)

RIPARIAN VEG.... ..do...... Riparian-vegetation Digitized from U.5. Forest Service (Joseph
units. Oden, written commun., 1990) riparian-vege-
tation maps.

SOIL..ceieennnnn ...do..... Soil-survey units.... Digitized from S5C5 soil-survey maps (Rogers,
1979).
TIMBER _TYPE..... «..do..... Timber-type units.... Digitized from U.S5. Forest Service (Joseph

Oden, written commun., 1989) timber-classi-
fication maps.

Digital source data

CHANNEL......... Line...... Stream channels and Derived from DLG hydrography file.
canals.

COUNTY..... Y« [ Y County boundaries.... Derived from DLG boundaries file.

LAND ASPECT..... Polygon... Land-aspect zones.... Derived from USGS DEM files and processed in
. ’ raster format.

LAND SIOPE...... ...dO..... Land~slope 2zones..... Do.
PLSS..-cviininnn Line...... Public Land Survey Derived from DLG PLSS file,
System.
ROAD.civionennsn ...do..... Roads and trails..... Derived from DLG transportation file.
STATE_LINE...... ...do..... State boundaries..... Derived from DLG boundaries file.
TAHOE_LAKE...... Polygon... La§§ Tahoe shore- Derived from DLG hydrography file.
ne.

WATER_BODY...... ...do..... Water bodies other Do.
i than Lake Tahoe.
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Table 6.
Continued

Spatial data bases developed from thematic maps, digital data, and hydrographic data—

GIS coverage

Description of contents of data base

Name Type Information type Derivation
Hydrographic source data
BOUND BASIN..... Polygeon... Lake Tahoe basin Digitized from drainage-basin delineation on
- boundary. 1:24,000-scale topographic maps.
BOUND_OUTER..... ee.do..... Outermost extent of Derived from BOUND_BASIN and BOUND_TRPA GIS
combined Lake coverages.
Tahoe basin and
TRPA administra-
tive boundaries.
BOUND_TRPA...... .do....,. TRPA administrative Digitized from drainage-basin delineation on
boundary. 1:24,000-scale topographic maps and adjusted
by using PLSS and COUNTY spatial data bases.
HYD BASIN....... ...do..... Hydrologic drainage- Digitized from drainage-basin delineation on
basin boundaries. 1:24,000-scale topographic maps.
MONITOR_SITE.... Point..... Hydrologic-monitor- Compiled from records from LWQCB, NDEP, SCS,

ing sites.

USFS, and USGS.

as false linework from shaded areas on the map or fea-
ture labels). Arcs were selected manually by using a
graphic-interface device, such as an electronic mouse
or cursor, or automatically by using computer routines
written in the Arc Macro Language (AML). Macro
routines identified coverage arcs by using topological
characteristics such as arc length, number of intersect-
ing arcs, and adjacency to closed or open polygons.
The macro routines were designed to decrease process-
ing time and increase efficiency of cleaning large cov-

erages that were created by using electronic scanners
(Cartier, 1992).

Verification plots of each coverage were created
at original scale on stable-base mylar film by using 0.3-
millimeter ink pens. The verification plots were over-
laid on the source map and visually examined for accu-
racy according to the criterion described by Campbell
and Mortenson (1989). Corrections were made to the
coverage where an ink-free space could be detected
between the map and verification plot and the error
exceeded 0.3 millimeters,

Coverages created by electronic scanning also
were verified by using a computer monitor. Each cov-
erage was compared with its corresponding hollow-line
coverage. Linework was corrected wherever it lay out-
side the hollow lines or formed webbing patterns.
These webs are a common artifact of scanning and vec-
torizing, especially near multiple-line intersections or
where lines join at an angle of less than 10 degrees.

Further processing of the thematic coverages
included replacing the scanned water-body boundaries
with those derived from the DLG files and adding a
boundary arc for the Lake Tahoe basin. These stand-
ardized arcs were used in the coverages so that the
coordinates for water bodies and the Lake Tahoe basin
would be identical on each thematic layer. First, the
scanned linework for water bodies was removed by
selecting and deleting the unwanted arcs interactively.
Arcs from the DLG files then were added to the remain-
ing arcs in the coverage. Where the standardized arcs
did not join with the scanned linework, connecting arcs
were added. Where the linework from the thematic
maps extended beyond the standardized basin bound-
ary, the extensions were deleted. Where the standard-
ized basin boundary was positioned beyond the
linework of the thematic map, both the standardized
and scanned arcs were preserved and the intervening
polygon was assigned a null value.

After editing, including replacing the arcs for
water bodies and the basin boundary, the 16 quadran-
gle-based coverages of each layer were appended to
each other to form single thematic coverages for the
entire basin. Along many of the coverage boundaries,
the linework from adjacent maps was found to be mis-
aligned. This discrepancy is a common consequence of
merging adjacent maps. The process of resolving the
discrepancies is referred to as edgematching (Nebert,
1989). Coverage edgematching was performed inter-
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Figure 5. Example plots of digital maps developed from thematic source maps for part of South Lake
Tahoe map quadrangle. Plots contain spatial features without feature labels and represent same geo-
graphic area and thematic layers as portrayed in figure 3. A, Data base from U.S. Forest Service timber-

type map. B, Data base from U.S. Soil Conservation Service soil-survey map.
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actively using the ArcEdit subsystem of ARC/INFO.
The linework along the edges of adjacent maps was
connected topologically by using the following rules:

(1) If the misalignment between connecting arcs was
small (equivalent to less than 10 meters in UTM coor-
dinates), the arcs were automatically joined, or
snapped, to each other.

(2) If the misalignment was moderate (10 to 15
meters), the source maps were inspected to resolve the
discrepancy. If the discrepancy could be resolved, the
arcs were moved accordingly so that they matched.

(3) If the misalignment was large (greater than 15
meters) or if a discrepancy could not be resolved, the
arcs were not moved and a connecting line was added
between the two arc ends. '

Assigning Attributes to Map Features

Attributes are the numeric and textual informa-
tion associated with spatial features in a coverage. For
example, map-unit codes for timber types (table 19;
figure 3A) are attributes. Coverage features were
assigned attribute values according to map units that
were labeled on the source maps. The attribute data
were verified by comparing scaled plots of the cover-
ages to the source maps. Any necessary corrections
were made to the coverage, and the verification proce-
dure was repeated until no further errors were detected.

Attribute errors on the original maps included
unknown or missing attribute labels for polygons, more
than one attribute label per polygon, and adjacent poly-
gons with the same attribute value. Attribute errors
were identified for the digitized layers of geology, soil,
timber type, and riparian vegetation. The number of
errors ranged from 2 to 148 per layer for the entire
study area. Polygon features having these errors were
brought to the attention of the agency from which the
original maps were obtained. A specialist within each
organization determined the correct attribute values for
mislabeled features, and coverages were updated
accordingly.

Deriving Land-Capability Classification

The land-capability layer was derived from the
digitized SCS soil-survey maps according to criteria
specified by Bailey (1974). Each of the 49 types of
soils was assigned to one of 9 types of land capability.

Polygons of soil units that had the same land capa-
bility were merged to create the coverage called
LAND_CAP. The system of land-capability classifi-
cation and corresponding SCS soil-unit symbols are
shown in table 7.

Development of Digital Data

Nine coverages of planimetric data were derived
fromDLG or DEM files. The seven coverages derived
from DLG files are CHANNEL (stream channels and
canals), COUNTY (county boundaries), PL.SS (Public
Land Survey System), ROAD (roads and trails),
STATE_LINE (California-Nevada State line),
TAHOE_LAKE (Lake Tahoe boundary), and
WATERBODY (boundaries of water bodies other than
Lake Tahoe). The two coverages derived from DEM
files are LAND_SLOPE (slope classes) and
LAND_ASPECT (aspect classes). Examples of some
of the coverages derived from DLG and DEM files for
part of the South Lake Tahoe, Calif. and Nev., map
quadrangle are shown in figure 6.

Table 7. Cross-~reference for land-capability types
and U.S. Soil Conservation Service soil units

{Modified from Bailey (1974, p. 29-32). See table
18 for explanation of U.S. Soil Conservation Ser-
vice soil-unit codes, -~~, not applicable]

Corresponding U.S. Soil
Conservation Service
soil-unit codes

Land capability

Class Subclass

1 la CaF, GsF, MsE, MsG, MtE, MtG,
RcF, ReG, RtF, RtG, ShE, SkF,
TeG, TmE, TmF, TrE, TrF, UmF,
WaF, WefP.
1b Be, Co, Ev, Fd, Gr, Lo, Mh.
lc MxE, MxF, Px, Ra, Rx, Sm.
2 ~— CaE, JwF.

FuE, JaD, JbD, JeD, MkD, MsD, TeE,
UmE, WaE, WcE.

CaD, EbE, EcE, GeD, IsD, IsE, JwE.

FuD, IgB, JaC, JeB, JgC, JhC, MkB,
MmB, TcB, TecC, TdD, TkC, UmD.

EbC, GeC, IsC, JtD, JwD, TaD, TbD.

-- EfB.

Development of Digital Data 17






Planimetric-Base Features

‘The DLG files were converted into coverages
by using ARC/INFO software. The coverages
COUNTY and STATE_LINE were derived from the
DLG boundaries files. The coverages CHANNEL,
TAHOE_LAKE, and WATERBODY were derived
from the DLG hydrography file. The coverage PLSS
was derived from the DL.G Public Land Survey System
files.

For each layer, 16 individual coverages, 1 for
each map quadrangle, were appended into a single
basinwide coverage. When discrepancies were found
between coverage arcs on adjacent coverages, the arcs
were connected using the predefined set of rules
described in the section titled "Editing Digital Spatial
Data."

Two additional modifications were made to the
stream-channel coverage (CHANNEL). First, the cod-
ing for the beginning and ending of arcs was adjusted
to indicate the true down-gradient direction. Second,
arcs were added to connect stream channels across
water-body polygons. These connecting arcs create
linear continuity, which is useful for hydrologic inves-
tigations such as streamflow routing.

Slope and Aspect

Sixteen DEM files were used to generate cover-
ages of aspect and slope for the Lake Tahoe basin, 11
from UTM zone 10 and S from UTM zone 11. The
DEM is a digital representation of the irregular surface
of the Earth. The inclination of a surface at a given
point has two components, slope (steepness) and aspect
(compass direction).

The DEM data were processed by using raster
techniques available through NASA's ELAS system

(Beverley and Penton, 1989). ELAS is a modular GIS
and image-processing system used primarily for pro-
cessing remotely sensed data, but it also can be used for
processing regularly spaced data, such as DEM files.

Initial mosaicking of a few DEM files was
accomplished in part by using ARC/INFO software.
The size of each DEM data file ranged from 473 to 475
rows and 374 to 376 columns. Only DEM files in the
same UTM zone were merged and processed together.
The mosaicking process was limited to a maximum of
four DEM files, in blocks of two wide by two high.

Each mosaic then was converted to ARC/INFQO's sin-
gle-vanable file (SVF) format structure. This file type
then was converted to ELLAS file structure.

Once in ELAS format, the files were merged into
larger mosaic files. The two UTM zones, 10 and 11, are
separated by the 120-degree meridian of longitude.
The 11 files for areas west of long 120°W. (UTM zone
10) were mosaicked and processed together. Three of
the five files for areas east of long 120°W. (UTM zone
11) were mosaicked and processed together. The Freel
Peak map quadrangle is east of long 120°W., but the
corresponding DEM file was available only in UTM
zone 10 coordinates. Because of this anomaly, the files
for the Freel Peak area and the Carson Pass area (south
of Freel Peak) could not be mosaicked with files for
neighboring areas and were processed separately.

A number of methods can be used to calculate
slope and aspect from a regular grid of elevation values
(Skidmore, 1989). The ELAS software uses the maxi-
mum-gradient method. The method uses a three-by-
three window around each cell, or elevation value, in
the grid, comparing the center cell with its eight neigh-
bors. Aspect is defined as the direction of maximum
steepness, either up or down, from the center cell to one
of the eight nearest cells. In other words, aspect is the
direction of the maximum gradient. Slope is calcu-
lated on the basis of cell size and the difference in ele-
vation values between the center cell and its neighbor
in that steepest direction.

Classes for aspect were limited to level and the
eight points of the compass (north, northeast, east,
southeast, south, southwest, west, and northwest). The
term "level aspect” applies when all nine celis of the
window have the same elevation value.

Classes for slope were set as follows: 0 to 2 per-
cent, >2 to 5 percent, >5 to 10 percent, >10 to 15 per-
cent, >15 to 20 percent, >20 to 30 percent, >30 to
50 percent, >50 to 100 percent, and >100 percent.
These ranges were selected in order to satisfy require-
ments of land-use permitting, modeling, and resources
management for the Lake Tahoe basin (Deborah Reed,
Washoe County Department of Comprehensive Plan-
ning, oral commun., 1992).

Nominal filtering was performed on the raster
files of slope and aspect. This filtering technique selec-
tively replaces a cell value with a neighboring cell's
value if there are not a minimum number of adjacent
cells having the same value. The nominal number of
cells, set to three, defines the minimum mapping unit to
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be 0.27 hectare. This process significantly reduced the
number of polygons in the final coverage while chang-
ing relatively few cells.

Raster techniques that use a window around a
central cell do not compute values along the edges—
the top and bottom rows and the left and right columns
of the array. These cells simply do not have enough
neighbors. Because part of the window does not con-
tain valid data, the resulting value for the central cell is
null or undefined. If two such raster files are joined
along a common edge, the result is a gap of two cells
that contain null data.

The raster files of slope and aspect were trans-
ferred to ARC/INFO, in SVF format, for further pro-
cessing. These files were converted into ARC/INFO
coverages. Coverages in UTM zone 10 coordinates
were projected into UTM zone 11 coordinates. Once
all coverages were in the same map projection, they
were appended together and edgematched. After
appending, gaps of null data existed along edges where
coverages were joined. These gaps were filled in with
arcs that enclosed areas of the same class on each side
of the gap.

Development of Hydrographic Data

Four coverages (BOUND_BASIN,
BOUND_OUTER, BOUND_TRPA, and
HYD_BASIN) were derived from overlays drawn on
topographic maps. One coverage (MONITOR_SITE)
was derived from records of hydrologic-monitoring
sites.

- Development of Drainage-Basin Boundaries

Drainage divides, which define the boundaries
of drainage basins and subbasins, were delineated on
mylar overlays of 1:24,000-scale topographic maps.
The divides were identified for all subbasins above
mapped stream confluences, above stream inflows to
water bodies, and above selected hydrologic-monitor-
ing sites. The delineations were based on interpretation
of the shape of the mapped topographic contour lines
and the location of hydrographic features. The drafted
lines were verified by two hydrologists. The contour
interval on most of the maps was 40 feet (12 meters).

In areas of relatively low gradient, such as the South
Lake Tahoe area, the contour interval was 20 feet
(6.1 meters).

The drainage-basin boundaries were digitized
manually, labeled, and verified by the techniques used
for thematic maps as described in the section "Devel-
opment of Thematic Maps." The HYD_BASIN cover-
age contains all the drainage-basin boundaries that
have been delineated for the Lake Tahoe basin.

Three coverages were developed for the bound-
ary of the Lake Tahoe basin. The BOUND_BASIN
coverage contains the drainage-basin boundary for the
Lake Tahoe basin above the outflow of Lake Tahoe. To
match the TRPA administrative boundary, the
BOUND_TRPA coverage was modified from the
BOUND_BASIN coverage by replacing part of the
drainage-basin boundary with data from the PLSS and
COUNTY coverages. These modifications altered the
basin boundary to comply with U.S. Public Law
96-551, by which Congress legislated the TRPA’s juris-
diction. The BOUND_OUTER coverage contains data
for the outer boundary of the Lake Tahoe basin and the
administrative boundary of TRPA. The coverage was
derived by merging the BOUND_BASIN and
BOUND_TRPA coverages and then eliminating inter-
nal lines where discrepancies exist.

Development of Hydrologic-Monitoring Sites

Federal, State, and local agencies were contacted
regarding hydrologic data collection in the Lake Tahoe
basin. Agencies having active hydrologic programs
evaluated each of their monitoring sites for data quality
and significance. The agencies considered the com-
pleteness and duration of record as well as the hydro-
logic significance of each site, and determined which
monitoring sites were to be included in the GIS data
base. The USGS used the following criteria: (1) The
site has at least 3 years of record, (2) the site has a cur-
rent or historically important period of record, and
(3) the site has a record of continuous measurements
for at least part of the period of record. The agencies
also evaluated each of the surface-water monitoring
sites for inclusion in a list of sites for delineation of
drainage divides.

For this study, the five agencies tabulated the fol-
lowing information for each site: site identification
number; descriptive title; site elevation; period of
record, in calendar years; site type, such as surface
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water, ground water, or lake; and sampling methods.
Site locations were provided either digitally (as lati-
tude/longitude coordinates) or marked on 1:24,000-
scale topographic maps.

The site-description lists were entered into a rela-
tional data base within ARC/INFO and then were used
to generate a GIS coverage of point locations. Sites
that were marked on topographic maps were digitized
manually. The point locations for surface-water sites
were compared to the hydrographic-channel coverage
and moved to the nearest line segment for the sampled
stream channel. The tabular listing of the monitoring-
site locations was updated to reflect these adjustments.
These records were verified twice by the data-collec-
tion agencies.

DOCUMENTATION OF SPATIAL DATA
BASES

Summary information for the thematic layers
(geology, hydrologic basins, aspect, slope, land capa-
bility, monitoring sites, riparian vegetation, soil, and
timber type) developed in the TEGIS project is givenin
tables 8 through 19. This information includes cover-
age name, source agency, source-map scale, and a sta-
tistical description of the feature attributes. For
polygon coverages, the statistical description for each
map unit bearing a unique symbol includes the number
of noncontiguous occurrences, the basinwide total area
and mean area, and the areas of the largest and smallest
noncontiguous occurrences. For line coverages, the
feature labels correspond to cartographic labels for lin-
ear features on the source maps and the statistical sum-
mary contains information on the lengths of each
feature.

Because map symbols for geology are not con-
sistent among the various source maps, the descriptions
of geologic map units include an abbreviated name for
the map quadrangle from which they were derived. For
further information on the source maps used to compile
the digital geologic layer, see table 1 and figure 4.

The accuracy, resolution, and other characteris-
tics of the final coverages depend on both the character-
istics of the source data and the processes used for
digitizing the data. Information on the data sources and
resulting spatial data bases is summarized in table 20.

SUMMARY

Twenty-two spatial data bases were developed
for the Lake Tahoe basin as part of the Tahoe Environ-
mental Geographic Information System (TEGIS)
project. The data bases were created by using the
ARC/INFO vector-based and the ELAS raster-based
geographic information systems. The spatial data
bases are stored as ARC/INFO coverages, in units of
the UTM (zone 11) coordinate system.

The TEGIS spatial data bases were generated
from three main sources of geographic information:
thematic maps, hydrographic data records, and digital
data files. Source data were incorporated by manual
digitizing, electronic scanning, or data conversion.
Extensive quality-control practices were followed in
converting the source information into digital form.

The TEGIS coverages consist of spatial coordi-
nates and attribute data for the following layers:

Basin boundaries—physical boundary of the
basin, TRPA administrative boundary, and
the composite outermost of these two
boundaries;

Geology—areal geology and linear geologic
features from the TRPA natural-hazards
map and from the composite of the largest
scale geologic mapping;

Other thematic data—soil units, timber type,
riparian vegetation, and land capability;

Hydrographic data—drainage-basin bound-
aries and hydrologic-monitoring sites;

DLG digital data—State and county bound-
aries, roads and trails, Public Land Survey
System, stream channels and canals, and
boundaries of Lake Tahoe and other water
bodies; and

DEM digital data-—slope and aspect.

Documentation for and summary information
about the spatial data bases include detailed descrip-
tions of all the coverages and brief statistical descrip-
tions of the natural-resources coverages.
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Table 9. Summary documentation for spatial data base GECL_COMP_LIN in Tahoe

Environmental Geographlic Information System

Description of coverage: Composite line coverage of linear geclogic features

Stcrage format: ARC/INFO

Data source: Digitized from eight gecleogic and related thematic maps (table 1)

Source scales: From 1:24,000 to 1:125,000

[Linear geclogic feature: Symbol explanations are as used by authors of cited refer-

ences and do not necessarily conform to U.S. Geological Survey usage]

Occurrences
Linear geologic feature
Length
Total (meters)
Symbol Explanation number
basinwide Basinwide Mean Minimum Maximum
total

FLT......... Pault...viieveennn. cesan 34 26,112 768 6 2,264
FLT-INTRP... Interpretive fault..... 88 90,005 1,023 27 3,506
FLT-CNCLD... Concealed fault..... .en 65 112,812 1,736 50 26,797
MOR.....». «. Moraine crest...... cree 40 33,265 832 256 3,557
DIKE...e:eeo Dik@,iverieeeranonnnses 34 4,502 132 67 465
SHEAR....... Shear zone......cvev... 14 14,709 1,051 45 2,628
CONTACT..... Gradaticonal contact.... 3 7,838 2,613 1,605 3,792

Development and Documentation of Spatial Data Bases for the Lake Tahoe Basin, Callfornia and Nevada



Table
System

Description of coverage:
Storage format:
Data source:

Source scale:

{Geologic or other map unit:

Summary documentation for spatial data base GECOL_TRPA in Tahoe Environmental Geographic Information

ARC/INFQ

1:125,000

Polygon coverage of geology

Digitized from natural-hazards map (Tahoe Regional Planning Agency, written commun., 1990)

Geologic symbols and unit descriptions are as used by Tahoe Regional Planning
Agency and do not necessarily meet U.S. Geclogical Survey standards.
numeric order by map-unit symbol within major groups.
geologic, units are listed as other map units at end of table.

Geologic map units are listed in alpha~
Geologic units having no age information and other,
==, nol applicable]

Occurrences
Geologic or other map unit
Area
Total (square meters)
Symbol Description number
basinwide Basinwide Mean Minimum Maximum
total
Quaternary unitcs
Qal 0ld lake sediment.....ccevveveccscncacenne 14 7,572,532 540,895 8,722 3,776,621
Qg Glacial outwash, undifferentiated......... 14 30,940,481 2,210,034 781 11,109, 767
Ql Lake deposits. et iececocsrsonorasmenncasn 25 26,707,392 1,068,296 630 6,052,740
Qlo 0ld lake deposSitsS..iceicerntescensnssccanns 64 15,452,762 241,449 5,868 5,016,079
Qlo, Qg Older lake/glacial oULWASh...veesevccacass 3 7,926, 886 2,642,295 348,821 4,091,445
Qls Landslide depositS...cccevacvcscnsccnccans 18 2,403,021 133,501 23,076 735,602
Qm Glacial moraine, undifferentiated......... 12 992,632 82,719 11,385 226,038
Qml Glacial moraine==YoUNGeST..caecoseonsocesns 1 520,632 - - -
om2 Glacial MOXALN@..viesevcevcersrancerssssscan 2 2,777,927 1,388, 964 2,707 2,775,220
Qm3 teolOurenencecensnesncnannnossonnnnsannsns 29 82,942,699 2,860,093 1,685 35,315,115
" om3-4 - 1 218,280 - - -
Qomé ceelOuusunccenmacvsosocssnssnsonsnssnancsnns 9 38,178,862 4,242,096 74,290 15,037,865
oms Glacial Moraine=—0ldesSf.....eeevsecesvanss 4 18,671, 380 4,667,845 928,447 14,222,725
Qta o 8 1,851,572 231,446 7,261 1,450,886
Qv Volcanics, undifferentiated..c.cvsccncasen 2 2,512,439 1,256,219 72,297 2,440,141
Qvb Basalt...cieeeevsnsesesncsssscnsvassosnnca 2 213,438 106,719 23,608 189,830
Qvi Intrusive volcanic rocks, mainly latite... 7 25,156,557 3,593,794 14,746 14,335,075
Tertiary units
Tv Volcanics, undifferentiated.....cccenecaan 6 5,120,271 853,379 12,560 4,732,904
Tva Dominantly andesite brecCi@..cessecaseronse 23 94,492,699 4,108,378 15,932 27,330,965
Tvp PyroclasticC.cceeecnrocesocsscsanrecsacosnnnn 3 6,344,577 2,114,859 103,147 5,987,184
Other map units
di DioritBecritnessscenssssocsccsoconcnsnanne 15 7,153,972 476,931 9,716 1,591,922
gr GIANAEBcsversosronrvacsasvovsacsnsonnsnes 82 120, 948,181 1,474,978 2,097 25,465, 406
grd T P 22 260,201,527 11,827,342 6,397 189,238,881
ISLA B . - - 37 35,677 964 117 6,018
m Matamorphic, undifferentiated....cccceecen - 8 7,366,343 920,793 2,716 5,275,681
ms Metasediments. .. c.cesvsscescncccronsorsooe 14 15,573,020 1,112,359 6,093 4,797,195
mv MatAvVOlCANicC rOCKS . et eerocacerocncancacs 14,804,631 1,644,959 9,185 14,354,541
ND T 19,815,244 2,201,694 14,304 17,707,041
NM NOT MAPPOAZ . e et raereennnrannesnrananns 1 28, 892 - - -
"WBDY Water bodY.vecasssessssansencsassoracascas 380 512,933,381 1,349,825 144 498,108,062

1No data shown on source map.
2Outside basin boundary.
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Table 1ll. Summary documentation for spatial data base GEOL_TRPA LIN in Tahoe
Environmental Geographic Information System

Description of coverage: Line coverage of linear geologic features
Storage format: ARC/INFO

Data source: Digitized from natural-hazards map (Tahoe Reglional Planning Agency,
written commun., 1990)

Source scale: 1:125,000

[Linear geologic feature: Symbol explanations are as used by Tahoe Regicnal Planning
Agency and do not necessarily conform to U.S. Geological Survey usage]

Occurrences
Linear geologic feature
Length
Total (meters)
Symbol Explanation number
basinwide Basinwide Mean Minimum Max imum
total

FlT.veveenwsns Fault.eeeeeosecoaononsnen 19 22,617 1,190 69 6,27
FLT-INTRP... Interpretive fault..... 44 50,657 1,151 27 5,459
FLT-CNCLD... Concealed fault...... .- 29 98,135 3,384 55 26,797
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Table 12. Summary documentation for spatial data base HYD BASIN in Tahoe Environmental Geographic Information
Sysatem

Description of coverage: Polygon coverage of hydrography and hydrologic features

Storage format: ARC/INFO

Data source: Digitized from hydrologic-basin boundaries delineated on U.S. Geological Survey topographic maps
Source scale: 1:24,000

[Hydrographic map unit or site: Symbols (except 0) and descriptions were derived from Jorgensen and others (1978).
Intervening area, area tributary to Lake Tahoe and lying between mouths of streams, «-, not applicable]

Occurrences
Hydrographic map unit or site
Area
Total {square meters)
Symbol Description number
. basinwide Basinwide Mean Minimum Maximum
total
0 Area between Truckee River at Tahoe City and 1 9,769 - - -
map unit 1.
1 Area between Truckee River and site 2.....¢0c0cece. 1 385,069 - D -
2 Lake Tahoe tributary at mouth at Tahoe City..... . 2 2,781,28% 1,390,644 44,656 2,736,633
3 INtervening Area...c.ccceeacsacersacsscasasosssas . 1 886,740 -— -~ -
4 Burton Creek 2t MmOUCNh..cectvenecasanssncovsnsceres 5 13,946,183 2,789,237 2,191,650 3,836,372
5 Intervening area..... srsesessearrresesasnnseecase . 1l 239,217 - - -
6 Unnamed creek at mouth near Lake FOrest...cceccecs 1 2,622,458 - - -
7 Intervaning area....ccsceecccaascan, cesesscsavavac 1 37,462 - -— -
8 Unnamed creek at mouth at Lake Forest......caocaee. . 1 1,811,852 - - -
] Intervening ar@a.....cceeevusecsrensnrsscssnssveccnas 1 1,891,556 - - -
10 Dollar Creek At mMOUth..ccncescscsnncnass sessacacens 2 2,826,858 1,413,429 50,409 2,776,449
i1 Intervening area....ceeesasvs ceecas essescavacsosan 1 166,639 - - -
12 Unnamed creek at mouth near Cedar Flat....ccscecee 1 1,476,061 - - -
13 Intervening area........ seesesesssersaensenns cesse 1 3,081,525 - - -
14 Watson Creek at mouth......... cssmsasssea cercseees 3 6,036,852 2,012,284 193,971 $,139,813
135 Intervening area....... sasseeaserestaraacasatnunne 1 247,590 - -~ -
16 Unnamed creek at mouth near Carnelian BaV-........ i 2,344,491 - - -
17 INtOIVENing Ar8A. .. ocscassnsscssasnscaasovannnnns 1 1,259,100 - - -
18 Carnelian Canyon creek At MOULN.cc.isancncccnsncna 3 7,768,466 2,589,489 1,205,758 5,148,840
19 Intervening Are@a....veecccssansessccas sesensescas . 1 3,529,574 - -~ -
20 Snow Creek At MOUCR.sescavssevnsonaoes ceesecnneens 10 12,078,962 1,207,8%6 1,376 3,459,723
21 Intaervening area........ caconann Perssecsssasracas ene i 236,492 - -- --
22 Griff Creek at mOUCN.vceecssacccccsstaase cesescnes 4 11,537,021 2,884,255 221,779 7,417,905
23 Intervening are@a....ccseececcccscrascssccccncna coee 1 480,499 —— - -
24 Baldy Creek At moutR..vecas. ctsssssesrerasennn cooe 1 1,076,563 - - it
2% Intervening Area.....c.oceecanceesssoresrasvssccnne 1 4,922,738 - — -—
26 Unnamed creek at mouth near Crystal Bay.....ecee0 3 1,727,025 $75,675 20,914 1,016,798
27 First Creek at mouth.....c.ss trsetsesrmes . 4 2,791,718 697,929 1,661 2,601,434
28 Intervening area......csees. tascsancasace seevens ‘e 1 1,236,740 - - -
29 Second Creek at mouth...cavoasa cevsinerresestatenaa 3 3,850,849 1,183,616 66,380 3,379,620
30 INntervening AreaA....scscescesaassacaens sesensene .e 3 2,340,591 780,197 188,391 1,411,192
31 Wood Creek at mouth near Crystal Bay....eeocescecaae S 5,101,967 1,020,393 20,274 2,597,929
32 Intervening area......cusesseu. eretcasananncsernne .o 1 1,024,112 - - -
33 Third Creek at mouth.....ccceeeae ceresccssas N §- 15,675,063 1,045,004 28,707 2,676,455
34 Incline Creek at mouUth...cuceeccscsnesoaenss vessesss 25 17,369,623 694,785 4,235 1,838,869
3S INtOrVeNning Ar@a.....vevevescsccnscosasosancs vasans 1 635,884 - - -
36 Mill Creek at MoUthe.secscevocsess cessesssacas ceoese 1 5,060,227 — - —-—
kit INCBLVONING ALOA..c.crsscesocuscsanccavsasacssnnces 1 $95,417 -— - -
38 Tunnel CreeX AL MOULN.csscesscccsetasassacacscnnans .o 1 3,281,549 - - -
39 Intervening are@a....occecesees teeses ccecssss ceenes 1 §51,068 -- —-— -
4Q Unnamed creek at mouth near Sand Harbor.....oceeee 3 2,284,765 761,588 413,425 1,176,169
41 Intervening Ar@a....c.cceesvsetsssacccccnnreancorannas 1 5,568,144 - — -
42 Marlette Creek at mouth..... tesevenssssenennnss eee 10 12,809,162 1,280,916 762 5,354,534
43 Intervening Aread....cccsssveceescens cesasearerccssas S 1,980,453 396,091 53,2886 690,478
44 Secret Harbor Creek At MOUCN..scavsctcccsnncnacens 7 5,177,744 735,678 108,027 1,559,512
45 Intervening Area...ccsecasecscaccancsannsssensssscsnn . 1 195,756 - - -
46 Bliss Creek at mouth...cecceceevcasoanas ceecasecens 1 1,414,683 - - -
47 Intervening area....... Ceeceeens cavecscraeras sesre 5 3,318,675 703,735 217,529 1,835,487
48 Slaughternouse Canyon creek at mOUth.....¢.o0ceees 11 16,584,637 1,507,094 146,169 6,271,678
49 Intervening AlBA .. covsesssssaacsatsncsvarnne ecennvae 1 2,408'396 - - -
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Table 12.

System—Continued

Summary documentation for spatial data base HYD_BASIN in Tahoe Environmental Geographic Information

Occurrences
Hydrographic map unit or site
Area
Total (square meters)
Symbol Description number
basinwide Basinwide Mean Minimum Maximum
total

50 Glenbrrook Creek at MOUth...ceceoveccacn ceasvescs cee 14 10,626,565 759,040 13,990 2,204,202
51 Intervening area..... ceesssesccns vessase teseassrrea 1 2,411,463 - - -—

52 North Logan House Creek at mOULN..icecetnveavavens 1 2,826,803 - - -

53 INtervening AL@f8....ceecsrsesccsnecas cseanarevrvess 1 49,491 -— - —

54 Logan House Creek AL MOULN..sessccscescansvvscacss 4 5,581,766 1,395,441 13,168 3,962,708
55 Intervening aArefi...... Cecvccctmrasnsostsasnassanss 3 1,735,583 578,528 330,570 762,588
56 Unnamed creek at mouth nearx Lincoln Pazk ceevernse 3 1,487,531 495,844 21,234 870,919
57 Intervening are&....... seccece Cerevoscen csnsccscns 1 861,196 - - —

58 Lincoln Creek At MOULh..caaeescncoccsosovesvosenes 5 6,620,495 1,324,099 496,631 3,018,819
59 Intervening ared..c.ccccaee teteebroosvevoasnoncns .o 1 2,034,558 — - -

60 Unnamed Creek at mouth near District Courthouse... 7 6,779,051 968,436 144,511 1,758,863
61 Intervening area....ccceesevseecscecces sesccscscanace 1 529,360 -— - -

62 Unnamed Creek at mouth near 2ephyr COVE@..ceeveanes 2 4,330,743 2,165,372 3,984 4,326,75%
63 Intervening area..ceceveceecces Cveesececrrans ceeces 1 869,890 -— . - -

64 McFaul Creek At MOULh....cveaccscaccccconccsracnes 1¢C 9,336,004 933,600 22,569 1,550,562
65 Intervening AYX@A..c.cscrececvessonnccccocscrcoccans 1 832,155 — - -

66 Burke Creek At MOULh..cciccsonnsncecsassscnnannaansne 11 12,039,298 1,094,482 46,855 2,539,124
67 INterXVeNning Ar@A..cscecccassas P 1 225,823 — - -—

68 Edgewood Creek at mouth....c.ceeae cescrtescacnn eves 22 17,217,447 782,611 4,360 2,894,461
65 Intervening area.....ccecaaa Cessaveaccccessrrosrn 1 . 7,832,937 - - -

70 Bijou Creek at MOULh.:sicveewoccaaansa cavenee ceves 1 5,781,452 -— - -

71 Intervening area......... etassesacccsvinnssrtasapas 1 1,562,083 - - -

72 Trout Creek at mouth....... cnensane esesevsennnsess B7 106,901,062 1,228,748 3,701 4,636,897
73 Upper Truckee River at mouth........ ceetreccennsse 93 146,555,346 1,575,864 1,716 8,250,373
74 Intervening Ar@a...ccceeusacscevecccecsocasrcsanns . 1 10,729,767 - - -

75 Taylor Creek at mouth.....coceauacecncne, ceareosa . 31 47,689,639 1,538,375 11,722 11,351,339
76 Tallac Creek At MOULh.ce.viavasnnsnsnnaans ceaaceans 9 11,605,322 1,289,480 312,340 2,385,502
77 InCerVening Ar@adcsvevsesacecsa D L N R A SR A R AR A A Y 1 260’715 - - —

78 Cascade Creek AL MOULh...sveescvacoancsa cesoane cas 9 12,220,634 1,357,848 144,122 3,183,076
79 IntBrVBninq AX@Asesvesstrtersnstssnrrsstevsasosnsccne 1 2'835'157 - Rt ==

80 Eagle Creek At MOULN....ccernceccceccccannsneas eens 12 17,063,067 1,421,922 235,248 4,118,417
81 Intervening ared..c.ca.. cresanen tevesrescsnsanncss 3 6,141,737 2,047,246 184,126 5,446,238
82 Rubicon Creek AL MOUth...sceaacassceaconcencs ceses 9 7,397,695 821,966 38,154 1,676,386
83 Intervening area...ccceceeeces teesasasennnesn cenveos 1 71,638 - - -

84 Lake Tahoe tributary at mouth at Paradise Flat.... 3 1,611,756 537,252 180,908 973,737
85 Intervening Ar@a.csceeccceccssesvestossccascsannes 1 1,185,848 -— - -

86 Lonely Gulch creek at mouth....... cesbtessoa cesmnas 1 2,785,877 -— - -

87 INt@XVENIiNG AXOA..cce-nescecscrsosocvsccansossnns . 1 16,182 -— - -

a8 Lake Tahoe tributary at mouth near Meeks BaV.ce... 2 2,300,253 1,150,126 590,621 1,709,632
89 Intervening ared...cece... ceerscescascacs csrmsaans 1 187,440 - - -

90 Meeks Creek at MOULRN.eccicserosscccnnene seeaces weeee 20 21,392,012 1,069,601 14,155 4,418,083
91 Intervening area....... cstseccssacancansa tecsnaaes 1 288,669 - -— -—

92 Unnamed creek at mouth near Meeks Bay ...... cessans 1 702,373 - - -

93 Intexrvening area..... csesssasscessanen suecassenses 1 312,859 - -— . -

94 General Creek at mouth........ Ceseccnsrranse ceveacs 8 19,776,237 2,472,030 297,359 7,512,099
95 Intervening area.ccccieacccnens teeterrrononss emsases 1 3,605,243 - - -

96 McKinney Creeak at mouth....vecacess tectsrnasanneren 5 12,530,349 2,506,070 1,147,849 5,782,019
87 Intervening ared..cesece..e teasancncsnas cecsecens . 1 298,406 - - -

98 Quail Creek at MOULA. . :cceeceasnses teeatarecens ceea 2 3,718,51¢ 1,859,255 12,570 3,705, 94¢
99 Intervening area..... cereecraccean teesitiencnecnene 1 410,134 - - -
100 Homewood Canyon creek at mouth....... cscssenasencs 1 2,726,802 - - -
101 Intervening area......... reesanteccrosrnassosnacas 1 620,233 - - -
102 Madden Creek at mouth...... cereees ecserresvansnsns 5 5,297,392 1,059,478 5,456 1,941,554
103 Intervening area....cc... D 1 2,108,965 -— - -
104 Blackwood Creek At MOUth....eavoess tesssvenseennases 1B 28,901,117 1,605,618 6,826 3,970,266
105 Intervening ared....... ceenssces caesenes evaasanses 1 4,672,657 - - -
106 Ward Creek at mouth...... eevesoacan Cetasiocccacves 13 25,290,838 1,945,449 71,707 5,338,441
107 Intervening area..... cesssesnenue cconnses cecaamese 1 4,319,447 - - -
108 Lake Tahoe (surface area only) .......... cecassacsse 1 498,108,095 — - -
109 Lake Tahoe basin at lake ocutlet....cceceeceees eesss 601 1,371,378,392 2,182,683 762 498,108,095
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Table 14.

Table 13.

Environmental Geographic Information System

Description of coverage:
Storage format:
Data source:

computer files

Source resolution:

Polygon coverage of land aspect

ARC/INFO
Derived from U.S. Geological Survey Digital Elevation Model

30 by 30 meters

Summary documentation for spatial data base LAND_ASPECT in Tahoe

Occurrences
Land~aspect map unit
Area
Total (square meters)
Symbol Description number
basinwide Basinwide Mean . Minimum Maximum
total

0 level........ ... 4,106 630,350,723 153,519 <1 498,108,075
1 North.ees,eonsnes 559 8,337,992 14,916 <l 1,380,690
2 Northeast....... 3,236 81,917,868 25,314 <1 1,649,189
3 East...creanneen 3,021 95,306, 746 31,548 <1 2,271,319
4 Southeast....... 3,109 103,969, 010 33,441 <l 2,313,061
5 Southeieeiecen. e 2,764 101,169,657 36,602 <l 4,908,139
6 Southwest...... . 2,728 84,453,074 30,958 <l 2,088,365
7 West.....ovnveeee 2,951 85,663,363 29,029 2 1,997,659
8 Northwest..... o 3,313 120,872, 256 36,484 <l 6,005,375

Summary documentation for spatial data base LAND SLOPE in Tahoe Environmental

Geographiec Information System

Description of coverage:
Storage format:
Data source:

Source

Polygon coverage of land slope
ARC/INFO
Derived from U.S. Geological Survey Digital Elevation Model computer files

resolution: 30 by 30 meters

Occurrences
Land-slope map unit
Area
Total (square meters)
Symbol Description number
basinwide Basinwide Mean Minimum Maximum
total
0 O-percent slope (level land).... 845 514,142,460 608,453 <l 498,108,058
1 >0- to 2-percent Slope........es 577 8,308,492 14,399 <1 1,366,626
2 >2- to S5-percent slope.......... 1,286 54,292,355 42,218 1 10,324,264
3 >5- to 10-percent slope......... 2,841 89,464,903 31,491 <1 5,130,046
4 >10- to 15~percent slope........ 4,759 60,373,814 12,686 1 473,400
"5 >15- to 20-percent slope........ 5,981 83,787,331 14,009 <1 740,616
€ >20- to 30-percent Slop€.c.cess. 5,663 149,924,518 26,474 3 1,961,937
7 >30~ to 50-percent slope........ 2,755 233,438,814 84,733 <l 24,036,455
8 >50~ to 100-percent slope.c...... 1,795 136,048, 440 75,793 2 17,127,553
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Table 15,

Gecgraphic Infommation System

Description of coverage:

Summary documentation for spatial data base LAND_CAP in Tahcoe Environmental

Polygon coverage of land capability (based on Bailey, 1974)

Storage format: ARC/INFO

Data source: Derived from SOIL coverage (table 18)

Source scale: 1:24,000

[do., ditto; --, not applicable]

Occurrences
Land-capability map unit
Area
Total (square meters)
Symbol Description number
basinwide Basinwide Mean Minimum Maximum
total

la High-hazard lancs....cceu... 128 298,340,933 2,330,789 15,450 149,890,244
1b PR - [+ D teesevancancons . 167 42,015,992 251,593 3,223 20,200,895
le eve80ciiirerrrenneae cesemene 220 223,463,508 1,015,743 432 86,465,536
2 B < T coua 129 42,992,984 333,279 12,941 3,697,263
3 Moderate~hazard lands...... . 129 54,321,738 421,099 18,4890 6,055,2¢8
4 Y« Lo teevesassanaens 105 30,868,517 283, 986 14,943 3,216,385
5 Low-hazard landS....ccceceses 106 72,478,823 683,762 14,174 14,566,318
6 ceedOsenunesansnnas rasessone 72 36,430,047 505,973 20,861 6,815,395
7 ses0c et ecnnorvoseoronens 20 13,624,826 681, 241 28,723 3,561,517
ND No dataceiveessnns caersseven 1 84,016 - - -
WB Water body..vecoccnsacvnnens 376 512,969,887 1,364,282 144 498,518,930
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Table 16. Summary documentation for spatial data base
MONITOR_SITE in Tahoe Environmental Geographic Informa-
tion System

Description of coverage: Point coverage

Storage format: ARC/INFO

Data source: Derived from monitoring-site locations
marked on 1:24,000-scale topographic maps by Lahontan
Water Quality Control Board, Nevada Department of
Environmental Protection, U.S. Forest Service, U.S.
Geological Survey, and U.S. Soil Conservation Service

Source scale: 1:24,000

[GIS, geographic information system. SNOTEL, U.S. Soil
Conservation Service snowpack-telemetry site]

GIS Hydrographic-monitoring site
attribute
label for Total
type of Description number
site basinwide

Lahontan Water Quality Control Board sitas

GW Ground-water-monitoring station
SW Surface~water-monitoring station

B

Nevada Department of Environmental Proteotion sitas

GW Ground-water-monitoring station 12
SwW Surface~water—-monitoring station 12

U.S. Forest Service sitas

LK Lake-monitoring station 9
Sp Spring-monitoring station 3
5w Surface-water-monitoring station 47

U.S. Geological Survey sitas

GW Ground-water-monitoring station 30
SW Surface-water-monitoring station 73
Qw Water—quality-monitoring station 63
LK Lake-monitoring station 3

U.S. Soil Conservation Service sites

P Precipitation-monitoring station 8
S Snow-course site 8
Sp Spring-monitoring station 20
T SNOTEL station 8

APPENDIX
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Table 17. Summary documentation for spatial data base RIPARIAN VEG in Tahoe Environmental

Geographic Information System

Description of coverage: Polygon coverage of riparian vegetation
Storage format: ARC/INFO

Data source: Digitized from U.S. Forest Service riparian-vegetation maps
Source scale: 1:24,000

[--, not applicable)

Occurrences
Riparian-vegetation map unit
Area
Total (square meters)
Symbol Description number
basinwide Basinwide Mean Minimum Maximum
total

1 Coniferous ripariAn.ic.ccceacueess cea 1,845 27,413,550 14,298 49 505,427
2 Deciduous riparidn..cccecesscccaese 2,103 18,592,777 8,576 499 216,928
3 Deciduous/coniferous riparian...... 1,168 12,476,827 10,611 686 153,755
4 Wet meadow....... ctesesrecencenans . 486 8,045,592 15,663 327 986, 980
5 Molst MEAAOW..tvsesenearoncoans cens 4¢0 6,729,732 12,658 128 445,731
6 Nonriparian..secoceereeenen tecsnsnas 172 3,486,357 19,435 780 723,719
7 WAL s eeoaeseacenssancaascnscscas . 68 1,649,531 21,119 806 375,405
8 No data (no label on source map)... 1 16,773 - - -
9 Mixed unit (multiple labels on 4 38,640 6,440 2,973 25,323

sopurce map).
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Table 19,

Sysctem

Description of coverage:

Summary documentation for spatial data base TIMBER

Storage format: ARC/INFO

Data source:
Source scale:

{Timber~type map units
maps (Joseph Oden, written commun.,
detailed classification basis.

1:24,000

Polygon coverage of timper classes

Digitized from U.S. Forest Service tcimber-type maps

E in Tahoe Environmental Geographic Information

Except for ISLA and WBDY, symbols are those used on U.5. Fprest Service timber-type
1992); see table 2 for explanation of alphanumeric symbols and for more
do., ditto; =—, not applicable]

Timber~type map unit

Occurrences

Total (square meters)
Symbol Main classification basis number
basinwide Basinwide Mean Minimum Maximum
total
Woody-vegatation areas
HA D 7 ¢ 56 7,230,894 129,123 6,252 478,131
HX Miscellaneous hardwoOdS...civecesscennasacs 10 670,455 67, 04S 23,817 157,873
LP1G Lodgepole pine...... teteerecvnnns ceroacesan 1 64,857 - e -—
LP1IN ces@0t.ceasvecceactonsasassannsssanscssoncaa 1 61,701 —— - -
LP2G cse@D.cccecocencssnnscacsssaseacscscascsnaanscs 3as 4,670,037 133,430 14,010 636,370
LP2N o T ceecconn ces 62 8,252,609 133,107 6,723 679,102
LP2P coef@Ociceanorsosenasnnsenssasesssssoscsscsacanaa 70 9, 900, 315 141,433 11,245 1,066,961
LPZP/SC OOOdotuontHOCIllllb...p.....-..l.....unl... 1 295,095 —— — -
LPZP/SR ...do.....-..o-...................-.a...... 1 25'289 — - bt
LP2S ceel@D.sosesncoscnssrassenttssasesantrteanans 62 11,974,129 193,131 10,349 1,442,100
LPZS/GL o--dO----a'o'.o-v----'-..o ........... s es 00 e 1 122'944 -— - —
LP2S/NG ceel@0ciansocsnnnscas cresmecessstseneteanaans 3 734,975 244,992 160,163 292,738
LP2s/sC ce o@D icrevsoataccsosoncnsonssseseccnssnanas 3 453,533 151,178 126,268 199,555
Lp2S/sM B - T 2 313,204 156,602 132,410 180,794
LP3G coelDcncccesevenensssssssvancos Coevesssesann S4 6,849,451 126,842 19,351 521, 283
LP3N T - o csecsasenas 110 18, 618,320 169,257 17,499 897,797
Lp3P Y - T S tecestsorstacen cetcescascnns 130 20,139,978 154,923 7,934 1,138,746
LP3P /NG < ¥ Y 1 144,765 - - -—
Lp3s O« < cescessacae 52 8,422,261 161,967 18,064 1,063,003
LP3S/NC Y < T W ceccssascbesassncssseanannan 1 72,680 -— - -—
LP3S/NG s e@0iasnaurooonsonrsnosacssansasacascssnns 4 938,785 234,696 43,472 544,583
LP3s/sC ceel80.cseccnnncnenase cteetesaccssnasacsanns S 1,052,821 210,564 68,215 361,073
LP3S/SR ceelDecevcennn Cerrscsecnsean Cecrtovans cesee 6 632,941 105, 490 69,957 161,186
LPHA3G Lodgepole pine and aASPe@N.cecevssooranaces . 1 111,987 —— -~ -
LPHA3N ceslDuserenvans seseetsarsesenessacracssnnna 1 88,927 - - -
LPHA3P B 1 < teecenscnn 2 264,356 132,178 127,717 136, 639
LPHASS/SR ...do....0...!..'.-.....!Ooool-‘.'........n 1 164,656 -_— - bt
LPMH2G Lodgepocle pine and mountain hemlock....... . 1 102,933 - - -
LPMH2N PR - T Fet et s otretarrocrntstsasnsns 3 304,260 101,420 64,270 170,108
LPME2P Y. T N Ghetssceacsesenotarssasorsssacsaan 3 225,791 76,597 40,017 126,373
LPMH2S ceedD.ieiiaas Seiecescastsscrtesssscarenna oo 2 382,063 191,032 92,702 289, 361
LPMH3G eealDeicereocvernssccaneasasnanaa cecessancana S 869,417 173,883 58,048 284,085
LPMH3N B 17 1,482,116 87,183 5,791 233,228
LPMRE3P ceedOceacsnnsa ecaetrsssctenasenassensasane S 851, 861 110,207 65,982 197,430
LPPP2N lodgepole pine and ponderosa or Jeffrey 1 66,349 - - -
pine.

LPPP2P PR 1= [ cenaaaes seecscscncacisasaacanes 1 256,413 - - ~-
LPPP3G P - T T csaasasresacas csscacssuns . 11 1,598,487 145,315 29,369 314,276
LPPP3N arel0.caannan cevesescanns teeesnsauns feecvaaa 21 3,542,729 168,701 746 517,148
LpPP3P csel0uisnoocnnaas et easessesnrsastsrressnans 5 517,001 103, 400 67,695 183, 255
LPPP3S B < T Censtoncans cevastssanses q 688,089 172,022 52,487 309,920
LPRF2N Lodgepole pine and red fir....cceecconccsee 1 53,8595 - - -—
LPRF2P cesdOiiieencntnranns aesesetecscsasacecesnns ) 1,571,858 314,312 122,223 508,805
LPRF3G esed0cucveaccsonnsssassssancoassoannsasannss 13 2,205,993 169,692 43,085 421,177
LPRF3N ceeB0ctcaaverersnsonsene T 43 6,511,481 151,430 3,546 446,526
LPRF 3P Y - T S ceisecsacatescansceanscesnssns 29 6,193,833 213,580 13,995 1,109,435
LPRF3S Y < 1. teserereanan ereacsstocansea 8 1,567,098 195,887 102, 841 317,624
LPRF3S8/5R i cul0cesvoncosvnsssanscannae ceevacctscsacanes 1 257,233 - ~ -—
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Table 19.

Summary documentatien for spatial data base TIMBER_TYPE in Tahoe Environmental Geographic Infomation
System——Continued '

Occurrences
Timber-type map unit
Area
Total (square meters)
Symbol Main classification basis number
basinwide Basinwide Mean Minimum Ma ximum
total
Woody-vegetation areas--Continued

LPRF4N Lodgepole pine and red fir....eeceeevncvaes 1 199,957 - - -
LPRF4P eeeB0ccensnsnorssctssossssoncosancsssssnoacas 1 163,448 o - —
LPWF2S Lodgepole pine and white fir............... 1 324,951 - - -
LPWF3G < - cees 3 199,434 66,478 41, 440 91,319
LPWE 3N B - S sheersacensnnas 11 1,589,509 144,501 47,524 358,600
LPWFE 3P - T 1 121, 660 - - ke
LPWP3G Lodgepole pine and western white pine...... 2 451,819 225,910 87,812 364,008
LPWP 3N O T 13 2,319,679 178,437 20,924 510,333
LPWP3P cee80uviccsanoencecncnas Ceestsveanenranaces 12 1,827,177 152, 265 3,694 621,540
LPWP3S ceel0ccnscnsracas sestentcsnnaesesncanas ceos 2 258,565 129,282 54,772 203,792
LPWP3S/SR  ...00cescunosscaconcosnsensascoccscaanscnas 1 390,347 - - -
LPWP4N ...dol...l.l.......-..........l‘.l.'.'l..ll 6 1'340'133 223'356 132’729 4‘2'252
LPWP4P cee@0usssacntoeannnccsssscsssanassssnscasans 3 534,525 178,175 59,751 250,370
MHIN Mountain hemloCK..eeesaeressoscscenanas esone 1 32,832 - - —
MH2N cee80 . vatacnansansssssanaressanssonansenns ? 387,824 51,118 24,980 132,983
MH2P cee@0cieccscnsensncnsncssannscessssaccnnana 5 342,887 68,577 43,170 114,504
MH2S cee@0ucecnusncconncssensrarsaccscracacaceas 1 66,425 - - -
MH3G g Cresteiceanncssaccane 1 43,881 - -— --
MH3N cee@Dcscececnnssncrsassestnscanaacanonancnes 2 106,017 53,008 50,737 55,280
MH3P see@0cunsrcrnccnccccnnaa cereseesencrresennan 2 114,734 $7,367 51,799 62,938
MH4N ceeldB.incnncecansrnsncsescscencnsonnscnonens 1 61,655 - -— -
MHLP2G Mountain hemlock and lodgepole Pin€...svsss 1 108,695 ~- - -
MHLP 2N cee8Ocicenonnssnncnss ceseens cessacmernavens 2 195,641 97,820 88,687 106, 954
MHLP 2P e s80ciuiecasennseronneonancsssccesoncnacs . 2 212,525 106,262 55,980 156, 545
MHLP3G seeB0.iietcacantrsntotrcocsanenneonssccannans 1 162,580 -- - -
MHLP3N cee@Bicnsocarcnsnassrocncanans tesesassrrecs 5 418,082 83,616 38,193 173,116
MHLP 4N v e@0 . aceeccasnonassenonersasrosanssocrcnns 1 139,755 - - -
MHRF 3G Mountain hemlock and red fir....ceeaceveccos 1 125,576 - - -
MHWP 3G Mountain hemleck and western white pine.... 1 83,473 .- - -
PP1G Ponderesa or Jeffrey pine......ccciusuiceasne 1 61, 443 ke - -
PP2G ces@0iiannesacsscacssssncassssaassssesveans a3 3,949,599 119,685 le,708 472,563
PP2N P 46 6,973,394 151,596 30,034 626,799
PP2P D L sesecensaons 30 4,671,961 155,732 27,394 665,542
PP2P/SM Q-Udo...l.l.........Q.l..l.....l......-...0 1 108'143 - - -
PP2P/SX Y. 1 S crecens teeasesennse sesesvsanes 1 119,212 -- il -
PP2s B cetaseeresanens ceeesns 9 1,333,150 148,128 34,121 358,813
PP25/5M cee@0ccescsncoscenssosussscrassansecccananns 8 1,196,072 239,214 138,270 425,722
PP3G cae80ciacevncanosansnsnssnsanean ciseasesannn 43 5,211,416 121,196 21,691 572,341
PP3N ces@0ccenacssssncessanssctnaarnssnesnnse vens 74 10,071,967 136,108 23,049 581,667
PP3P - L ceesosanns g6 17,175,993 199,721 11,366 1,343,665
PP3P/SC ese80.iiiiacianans Ceessensiessreasstrcnanane 2 1,283,253 641,628 399,216 884,040
PP3P/SM veesB0ccanas sessasesesnccencrrarseenna cevans 2 336,040 168,020 65,867 270,172
PP3P/SX csedOiiiiiiiienanns Chrecstensiasaacsnsssnie 1 361,226 - - .-

. PP3s tee@0.ierescnn Ceeeresutttacsesrrrencornenns 51 7,552,739 148,093 19,877 566,000
PP3S/GL B < L N tecetanccensennans 1 190,483 - - -
PP3s/sM eeeB80.crotnonnenne T T 8 1,859,132 232,391 73,9531 345,869
PP35/5X cee@0.ceennnnen Cesarsaseccnserssencserana .es 1 549,813 - - -
PP4G O - escosess 10 2,029,146 202,915 47,225 S61,756
PP4N R sesesrercencvecnnnsancneoas ceen 24 3,757,769 156,574 30,315 727,686
PP4P B - - 2 tetbatencessessnsnans 58 9,670,133 166,726 28,867 521, 447
PP4P/SC 42e800csesstsccntsasesrsssacnnsanasncens ceves 3 1,367,597 455, 866 137,924 850,460
PP4P/SM ceeB0cecncnsanosncssannssasascacesne cseccnn 1 592,100 - -— --
PP4S B - L Y tesecscctsinrsanraanes cheans 24 3,617,976 150,749 51, 440 446,367
PP4S/SM B 1 6 780,769 130,128 98,467 169,205
PP4S/SR B 1 49,587 ade - --
PP6&G B ¥ cearescane cteasacccssnes 42 6,033,250 143,649 26,571 442,918
PP7G O T 2 351,780 175,890 127,895 223,884
PPHA2P Ponderosa or Jeffrey pine and aspen........ 1 142,106 - - -
PPHA3N Y- 1. T eeessacassctararanann ceeseecns 2 177,737 88,868 86,306 91, 431
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Table 19.

Summary documentation for spatial data base TIMBER_TYPE in Tahoe Environmental Geographic Information
System—Continued .

46

Occurrences
Timber-type map unit
Area
Total {(square meters)
Symbol Main classification basis number
basinwide Basinwide Mean Minimum Maximum
total
Woody~vegetation areas—--Continued
PPLP2G Ponderosa or Jeffrey pine and lodgepole 1 139,795 - - -
pine. '
PPLP2N cee@GOc.nnn ceesseans evavesccnconns cesean aens 1 49,671 - - -
PPLP3G I - (- PN Cesesencans ctsesssesescctsancarson 7 2,048,089 292,584 45,298 647,242
PPLP3N B 10 2,047,651 204,769 101,107 470,420
PPLP3P < cesessacas 6 917,522 152,920 57,281 271,671
PPLP3S ST . 1. D Cescseereeerractceceretneatennna 2 131,992 65,99%6 54,895 77,098
PPLP4N I - 1 JA Gesesesscsesscvranacsoes ceccacanns 3 212,617 70,872 45,907 116,327
PPRF2S Ponderosa or Jeffrey pine and red fir..... . 1 595,840 - - -
PPRF 3N ceelDeceeeronsevassonsccncsnncnns cessacans . 5 491,852 98,370 76,211 153,739
PPRF3P e elDecccssncrnonsrsrrorascssresncscnancona . 12 2,464,131 205, 344 92,834 437,694
PPRF3S ceefDeeecctrvcvrnscansoncosonsns chesssanas . 4 521,140 130,285 59,674 199,731
PPRF4N ceelOcceecaccnoancanssoncsannns cesraeses .o 5 1,538,528 307,785 85,570 693,097
PPRF4P B T . cetresvracscae 6 1,584,197 264,033 55,925 353,520
PPRFAP/SA .. eOccescvivocscassosorssoacscsnccrasnnsnsas 1 80,299 - - bt
PPRF4S ceedOiua.n 1 264,831 - - --
PPSP3N Ponderosa or Jeffrey pine and sugar pine... 1 176,229 - -- -
PPSP3P ...do..........-....-... --------- sesescseceonvoe 1 111,602 - — -
PPSP4G I0.dol.l......t.'."...Q...l.'..l'Qll...... 1 253'200 - - -
PPSP4N B T T S .o 3 497,228 165,743 55,446 255,126
PPWF Ponderosa or Jeffrey pine and white fir.... 1 119,078 - -— -
PPWF2G eeedOiesa. Ceiecirsasesseseactcssennarananan 26 5,124,028 197,078 27,235 722,797
PPWF2N sveedOciescncinsencansans cessssccsrrescasnsne 16 2,892,599 180,787 38,955 589,085
PPWF2P ceef0citeenreccnssveccnnssessanassnansnossan 10 2,093,712 209,371 41,031 768, 467
PPWF2S Y. [ T Neeesecsseenevensecanns Ceessseene 4 727,491 181,873 41,071 323,053
PPWF3G eeelD e einercsnccnnncoscscecccasnsncosnans 53 9,539,875 179,998 20,754 918,357
PPWF3N Y. 1 S Neesrcasassicncasuncnas cessevenen 63 12,503,218 198,464 38,526 831,523
PPWF3P seslDevane Cesavesenresnsescacncaes cesesecsan 55 9,753,671 177,339 30,295 534, 499
PPWF3S O T Ciessaseen 18 2,562,748 142,375 62,574 442,362
PPWF3S/SM  ...00.cscveecevanseorosssassacstsonscanensens 2 786,418 383,208 50,393 736,023
PPUF3S/SX ...d0c.:cttevcesncsscnctnvasnncns cacsseseea 1 395,804 - - -
PPWF4G Y - [ S Cecsvssrersescsnssacsns Cecevetons 24 4,448,003 185,333 51,504 494, 398
PPWF 4N B L . 5% 9,785,882 177,925 2,465 1,064,421
PPWF 4P Y. 1. saeescssessesssencsncsracssssanns 55 12,821,322 233,115 26,960 859,179
PPWFAP/SM  ..of0iecvcneccancancanscanan 1 118,937 - - -
PPWF4S ceeBDucnsanrnncenccrcnsnccsoconans tececonan 8 1,047,619 130,952 85,708 212,558
PPWF 5G N [ PP Cieresecnssan ctveavan cecivenacann 1 102,043 - - -
PPWP2G B L cesanesans 1 110,077 - - -
PPWP4N R« L 1 392,493 - -_ -
PPWP4P sssdOcecan Voevsonssvvoos tevretar-csrnsccnnn - 2 438,971 219,485 208,470 230,500
RFIN Red fir...iiiiervcccencanns cecescencanss cos 4 201,311 50,328 39,750 62,862
RF1P Y- |- T ceecanaas s eseccsssantestacatssnan 2 394,288 197,144 119,093 275,195
RF2G B 1 ceeencsses 5 485,003 $7,001 37,851 194,340
RE2N cee80cierennasannns esceesescnnas ceeeneanes 15 1,526,767 101,784 7,357 329,778
RF2P B T 10 1,719,179 171,918 40,544 433,887
RF2P/SA caelOcicnennnanss Cetsecssncesnanas ceeeversoe 1 559,503 - - -
RF2P/SM B Y ceenee casesenes . 1 239,230 - - --
RF2S Y. 1. JR Creeeaan cheaceisicacan T 10 1,317,609 131,761 35,136 242,704
RF2S/8A vse80iceccneceanrnnes DR O R R R R R e 1 192,732 - bt -
RF25/8SM Y- Ciicesasrsescrscsscoorona csecacas 7 1,428,991 204,142 28,679 513,948
RFZS/SR ...do...--...............‘. ooooo sesovese e l 80,669 - - -
RF3G e elDceeesnvascersarsocsccanaa teeccesevsnnas 46 5,193,986 112,913 25,331 1,114,808
RF3N B cecesencnne ceeees 81 9,899,158 122,212 10,836 506,357
RE3P ces0ecieernnccnsacans veracescnon cheraecans 49 6,110,270 124,699 1,77¢ 487,139
RF3P/SC crelOcceecnansnnnsns cesesrsnvsssssrecanans .o 1 177,495 - - -
RF3P/SM B L seacacssncacennanrnnnas . 2 309, 684 154,842 112,716 196, 968
RE3P/SR PUY. 1. cesessane ctceentssccnntcaascacses 2 247,407 123,703 96,700 150,707
RF3S «v.do..... Sereerssenctsersrasreesarennvon e 18 2,529,189 140,511 20,054 634,229
RF3S/NG P . L cteeeserecrsecaccnse 1 144,183 - - -
RF3S/5A crelB0cccecresanarannsns ceecsscronns ceeenee . 1 167,862 - - --
RF35/SB ceelDeireceranncnes esimessacsscssercanoannne 1 403,897 © - - . -
RF35/5M eseB0cecenransananne cencneinans chrasesenses 5 543,479 108,696 4,035 238,856
RF3S8/SR Y. 1= FOP Cressevas tevoen tesevosens cesscvan 4 601,143 150,286 117,124 177,087
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